RAS mutations are most prevalent. Recent results in human tumor cellculture models suggest that inhibition of the Raf-MEK-ERK cascade alone is not an effective strategy for treating tumors with RAS mutations, and that perhaps concurrent inhibition of other effector pathways is needed. Finally, will these results from mouse models accurately reflect the mechanisms of Ras-mediated oncogenesis in human tumors? Answers to these questions will be needed before the "right" strategy to target Ras signaling for cancer treatment will be realized.
Many living organisms have an internal clock that tracks the time of day even in the absence of external cues. This feat is accomplished by an internal transcription-translation-degradation cycle that is carefully tuned to produce circadian rhythms that are almost 24 hr in length. Given that transcriptional regulation is tightly controlled by the clock, it is reasonable to assume that degradation should also be tightly controlled. A trio of recent papers now demonstrates how controlled degradation of a second key circadian regulatory protein is critical for proper clock function (Siepka et al., 2007; Godinho et al., 2007; Busino et al., 2007) .
Two members of the PERIOD family, PER1 and PER2, and two members of the cryptochrome family, CRY1 and CRY2, are core proteins in the mammalian clock. The transcription of genes encoding these proteins is regulated by a heterodimeric transcription factor complex, which usually is the CLOCK protein bound to MOP3/ BMAL1. The CRY proteins associate with PERs and repress CLOCK/ BMAL1. As PERs and CRYs accumulate, their synthesis decreases; when PERs and CRYs are subsequently degraded, the transcription of their genes is derepressed. This cycle takes a day.
Accurate clock timing requires the orderly transcription, translation, assembly, nuclear import, and then degradation of the PER and CRY proteins (Gallego and Virshup, 2007 (Gallego et al., 2006) . In Drosophila, PER degradation is also controlled by the CKI gene double time, protein phosphatase 2A, and the F box protein Slimb (Ko et al., 2002; Sathyanarayanan et al., 2004) . Similarly, in Drosophila, degradation of TIMELESS (the protein that may function analogously to mammalian CRY) is controlled by tyrosine phosphorylation and the F box protein jet lag (Koh et al., 2006) . However, little is known about how the mammalian CRY proteins are degraded.
Three reports now reveal the importance of targeted degradation of the CRY proteins. Takahashi and colleagues (Siepka et al., 2007) and Nolan and coworkers independently screened cohorts of mutagenized mice to find those with abnormal circadian periods. Using this approach, both groups found a mutant mouse (called overtime by Siepka et al. and after hours by Godinho et al.) with a longer period than wild-type mice. Both groups mapped this mutation to the gene encoding FBXL3, a member of the SCF (Skp1-Cul1-F box protein) family of ubiquitin E3 ligases. Pagano and colleagues found that FBXL3 interacted with the circadian regulators, CRY1 and CRY2. This protein is a member of the F box family, a large family of proteins (encoded by ?70 genes in mammals) that regulate protein stability by recognizing specific targets and directing their polyubiquitination and degradation (reviewed in Ang and Harper, 2005) . The conserved F box motif mediates interaction with the core ubiquitin ligase, whereas the unique part of each F box protein mediates binding to specific targets. Targets are often recognized when they are modified posttranslationally, for example, by phosphorylation. The founding member of the family, βTrCP, recognizes phosphorylated (but not unphosphorylated) targets including PERs and mediates their degradation.
The overtime and after hours mutations in the gene that encodes FBXL3 are distinct from each other, yet both mutations lie in the region of FBXL3 that binds to CRY. These mutations disrupt binding of FBXL3 to CRYs and, therefore, prevent CRY degradation thereby causing lengthening of the circadian period.
The new findings are consistent with a number of studies indicating that posttranslational modifications and periodic degradation are a key design feature of the circadian clock (Figure 1 ) (reviewed in Gallego and Virshup, 2007) . In the purest and most elegant example, the cyanobacterial circadian clock can run in vitro, in the absence of transcription, simply as a phosphorylation-dephosphorylation cycle with only purified proteins and ATP (Nakajima et al., 2005) . In Drosophila, circadian rhythms in behavior and PER protein abundance can be restored in a PER null fly by adding back PER under the control of the nonoscillating actin promoter. Similarly, in transgenic mammalian cells, low-level constitutive transcription of PER2 still results in circadian oscillation of the PER2 protein and normal rhythms. Thus, oscillating transcription is not essential to direct the rhythmic abundance of circadian regulatory proteins. One intriguing question raised by these results is why the degradation of CRYs and PERs are directed by different F box proteins, FBXL3 and βTrCP, respectively. Perhaps these proteins have to be degraded at different rates or times or in different compartments. By extension, FBXL3 binding to CRYs is probably regulated differently than the binding of βTrCP to PERs. Whether CRY requires posttranslational modification to bind FBXL3 is unknown, but there are several clues that the FBXL3-CRY could be regulated by phosphorylation. CKI can phosphorylate CRY, but only when CRY and CKI are each bound to PER. CRY independently binds to a protein phosphatase, PP5 (Partch et al., 2006) . Although many details about CRY regulation remain to be determined, it is possible that these carefully controlled degradation pathways may influence the rate at which multimeric proteins accumulate in the cytoplasm and the rate at which they disappear from the nucleus.
Many researchers are now using mathematical models to analyze circadian rhythms. Although the regulated degradation of CRYs adds another layer of complexity to the already complicated regulation of the clock, modelers should not view this complexity as a hindrance but as a potential way to make the predictions of their models more Godinho et al. (2007) , and Busino et al. (2007) demonstrate that degradation of CRY requires that it bind to the F box protein FBXL3. Accelerated degradation of PERs shortens the circadian period, whereas delayed degradation of CRYs lengthens it. Whether CRYs are modified posttranslationally prior to FBXL3 binding is unknown.
accurate. Future modeling studies could explore the role of controlled degradation of the CRY proteins on the overall clock behavior. Siepka et al. (2007) also provide quantitative measurements of many previously unknown rate constants, which can be directly put into mathematical models. These studies can be used to generate much more accurate mathematical models that can guide future circadian research and make predictions about potential pharmacologic interventions to alleviate the symptoms of circadian disorders.
